A trial was established in 2011 with five rootstocks -MTT1, MTT4 and control B.9 (1.5 × 4 
INTRODUCTION
Rootstock winter-hardiness is a critical factor for success of fruit growing in northern areas, especially in snowless winters, when soil temperatures may be below zero for a longer time. Long-term experience shows that the worldwide popular rootstock M.9 is too risky in Latvia (Lepsis, 1999) , and MM.106 also has shown injury in critical winters, especially when cold starts early. The roots of clonal rootstocks are shallower than those of seedlings, which make them more susceptible.
Breeding of rootstocks for winter-hardiness has been done in Russia, obtaining the B-series (Budagovsky, 1976) , Canada (Khanizadeh et al., 2000) , Estonia (Kivistik, 2014) , and recently also at MTT Agrifood Research Finland (now: Natural Resources Institute Finland (Luke)), where the first hardy rootstock YP was a seedling of Malus baccata that had vigorous growth (Hiirsalmi and Säkö, 1991) ; the next generation crosses were with vigour-reducing rootstocks (Hovi et al., 2002; Karhu et al., 2016) Dwarfing Russian rootstocks B.9 and B.396 are most widely used in Latvia, but medium vigour plantings have become increasingly popular (Skrivele et al., 2011) . These usually are established on MM.106, which presents a certain risk, as demonstrated by the recent winter of 2013/2014 (Rubauskis and Skrivele, 2015) . Search for new rootstocks hardy in Latvian climate is an important task.
The aim of this study was to evaluate the potential of new hardy Finnish rootstocks MTT1, MTT4, and MTT5 in Latvian conditions.
MATERIALS AND METHODS
The trial was established in 2011 with five rootstocks and two cultivars. Cultivar 'Auksis' ('McIntosh' × 'Gravensteiner'; Lithuania) is medium vigour, tendency to bienniality, medium to large fruits; it is the most commercially important cultivar in Latvia. The new Latvian cultivar 'Gita' ('Liberty' × 'Melba') is vigorous, has annual yields, large fruits; it is a promising scab resistant cultivar. Both cultivars are harvested in midseason (first half of September), approximately at the same time.
PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 71 (2017 ), No. 3 (708), pp. 132-136. DOI: 10.1515 /prolas-2017 • MTT1: vigour like B.9 (40% of 'Antonovka' seedling rootstocks), stronger roots and less suckers than B.9, trees need support, very winter and cold-hardy, easily propagated.
• MTT4: vigour like M.26 (50-60% of 'Antonovka' seedling rootstocks), support is recommended for the first years after planting and for early cropping, very winter and cold-hardy, easily propagated, tolerant to specific apple replant disease (SARD).
• MTT5: vigour 60-80% of 'Antonovka' seedling rootstocks, support is recommended for the first years after planting and for early cropping, very winter and cold-hardy, easily propagated.
• B.9 (control): weak vigour, but larger than M.9 (30-40 % of 'Antonovka' seedling rootstocks), trees need support, often root suckers, root cold tolerance -12 to -14°C, early and good yields, propagation in stool bed poorer than M.9, negative influence on fruit colour possible.
• MM.106 (control): medium vigour (60-75% of seedling rootstocks), in young age vigorous, does not need support, very few root suckers, root cold tolerance -12°C or poorer, susceptible to early cold, medium early production, good yields, drought susceptible, good fruit colour.
Rootstocks were grouped at planting by vigour using data from MTT Finland:
-Weak to medium vigour -MTT1, MTT4, control -B.9 (1.5 × 4 m). Five replications with two trees each cultivarrootstock combination, total -ten trees per combination.
-Medium vigour -MTT5, control -MM.106 (2.5 × 5 m). Six replications with two trees each cultivar-rootstock combination, total -12 trees per combination.
Soil in the trial was sod carbonate gleyic, pH 6.5, organic matter 2.1%. Growing techniques used was standard integrated growing. Trees were planted as one-year old whips. All trees were individually staked.
Evaluated parameters in points were (10-point scale): tree general condition in spring; flowering intensity and yielding intensity; and tree diseases (if any) -scab, mildew, canker, etc.
Measured and counted parameters were: number of root suckers; and trunk diameter (cm) at 20 cm height, used for calculation of trunk cross section area (TCSA, cm 2 ). Trunk diameter and TCSA were used to characterise tree vigour, here understood as growth intensity and resulting tree size. During the trial, it became evident that not all the rootstocks had the expected tree vigour by which they were grouped initially. For this reason, in statistical analysis all rootstocks in the trial were compared between themselves. The effect of different planting distances was considered not yet significant for young trees, as their roots and crowns had not filled the entire growth space. To compensate unequal sample size, adjustment of missing data was used.
Data were statistically processed using variance and Pearson correlation analysis, Student criterion and Tukey criterion (HSD and LSD).
RESULTS
Effect of weather conditions was observed after the winter of 2013/2014, which was snowless, and very unfavourable for rootstock over-wintering. The cold started in January and lasted till March, and the soil already in January froze to 1...1.5 m depth. The soil temperature at 20 cm depth till February gradually fell below 0°C. This resulted in significant injury of 1-3-year-old trees on rootstock MM.106 with root zone not covered with mulch. The roots were not extracted for analysis, to avoid further tree damage, but visual observations of trees showed that part of trees on MM.106 had lower yield and smaller fruits, as well as poorer tree general condition (tree health), seen as chlorosis and reduced new growth. The injuries depended on the tree place in field, more exposed trees (e.g. row ends) showed more injury. The effect was observed also in 2015 by chlorosis and poorer growth of some trees. Other rootstocks did not have visible injuries.
There was strong positive correlation of tree health with yield per trunk cross section area TCSA (r = 0.669), significant correlation with flowering intensity (r = 0.232) and TCSA (r = 0.352), and negative correlation with amount of non-standard fruits (r = -0.214). All correlations were significant at p < 0.01.
Tree health was affected only by winter damage. No significant fungal disease injuries were observed.
Start of production. The trees started flowering in 2012, part of the flowers were removed to improve tree growth. On average, significantly higher number of flowers was observed on B.9. Cultivar 'Gita' had earlier start of bearing than 'Auksis'. The earliest start of bearing was observed for 'Gita' on MTT4, and the latest for 'Auksis' on MM.106. The highest yield (kg per tree) in 2012-2013 was observed for 'Gita' on B.9. 'Gita' on MTT4 had the highest yield only in 2014-2015, closely followed by 'Gita' on B.9 (Fig.  1 ).
Productivity. Both rootstock and cultivar effect on yield were highly significant (p = 0).
The highest yield in average was obtained on MTT4 and B.9, and the lowest on MTT1. On average for all years, the highest yield per tree for 'Gita' was on MTT 4, and for 'Auksis' on B.9 (Fig. 1) . Cultivar 'Gita' was more productive than 'Auksis'. The poorest yield was observed for 'Auksis' on MTT1, and thus this rootstock evidently is not suitable for this cultivar.
The yield per TCSA differed from that in kg per tree (Tables 1, 2 to that of MM.106 and significantly differed only from B.9, while in kg/tree the yield on MTT1 was the lowest for this cultivar. On average of all years, the yield per TCSA was the highest for 'Gita' on B.9 and for 'Auksis' on B.9 and MTT5. The highest yield intensity (kg per TCSA) in the first years was observed on B.9.
No bienniality was observed till 2015, when the yield of 'Auksis' was lower than in 2014.
Tree vigour. Both rootstocks and cultivars had highly significant differences in vigour (p = 0). Cultivar 'Gita' had more vigorous growth, earlier start of bearing and less bienniality than 'Auksis'. This affected also rootstock performance (Table 1) .
The most vigorous rootstocks were MM.106 and MTT 4; the weakest was MTT 1. On average for both cultivars, MTT5 and B.9 had similar vigour (Table 2) , but 'Gita' on B.9 was significantly less vigorous than on MTT5 (Table  1) . MTT 1 is not suitable for cultivar 'Auksis', as about half of the trees in the nursery did not reach standard plant size, one third of the trees in the 3 rd year of growth had not yet developed good laterals. 'Gita' may be grown on MTT1, as it is more vigorous.
Number of root suckers was significantly affected by rootstock (p = 0) and cultivar (p = 0.019). MTT5 developed significantly higher number of root suckers. In contrast, the number of suckers for B.9 was similar to that of other rootstocks.
Fruit quality. Fruit size variation between rootstocks was observed in some years, and was linked with yield amount. Differences in fruit size were significant (p = 0). The smallest fruits on average were on MM.106, which may be a result of winter injury. The largest fruits were on MTT4 and MTT5. Number of non-standard fruits did not differ significantly. Observations of improved fruit colour were not consistent. The taste panel showed higher quality for MTT1, but this may be the result of low yield (large, well ripened fruits). Evaluation of fruit quality needs further observation on mature trees.
DISCUSSION
The best results were obtained for rootstock MTT4, which were similar to that of M.26 in Finland. In our trial, according to trunk diameter data it had medium vigour, similar to that of MM.106, while the start of bearing was very early, as for B.9. The root winter hardiness of MTT4 was better than that of MM.106.
Rootstock MTT5 was initially grouped with the medium vigour MM.106, following its ranging by vigour in Finland. Yet in our trial it had vigour similar to B.9 on average for both cultivars, and at a level between that of B.9 and MM.106 for the more vigorous cultivar 'Gita'. The first flowering of trees on MTT5 was more abundant than on MM.106 and was slightly lower than on B.9, with lower first yield. The rootstock had a tendency to form root suckers in the first years.
Rootstock MTT1 has been ranked as similar to B.9 in Finland, with stronger root support. In our trial it had very weak vigour, which resulted in low yields, in kg per tree, although in 2015 good yield per TCSA was obtained for the vigorous cv. 'Gita'. This rootstock can be recommended only for vigorous cultivars, and the planting distances should be reduced, maybe to 1 m between trees.
The observed differences between tree growth in Finland (Hovi et al., 2002; Karhu et al., 2016) and Latvia possibly were caused by differences in climate (day length, temperatures). Another reason may be in vitro propagation of Finnish rootstock material. It is possible that in subsequent years the effect of crop load will change the vigour of rootstocks and cultivars.
The critical winter of 2013/2014 helped to evaluate tree performance after cold injury. As shown by correlation analysis, the effect was significant not only for growth, flowering and yield (especially per TCSA), but also the amount of low quality fruits. This demonstrated the importance of rootstock winter-hardiness for effective fruit production. CONCLUSIONS 1. Rootstock MTT 4 is the most promising in Latvia. Its vigour is similar to that of MM.106, and start of bearing to that of B.9. It has better root winter-hardiness than MM.106.
2. Rootstock MTT5 has vigour similar to B.9 or larger, depending on cultivar, with similar start of bearing but lower first yields; it has a tendency to form root suckers.
3. Rootstock MTT1 is not promising in Latvia, as it has too weak vigour; it may be used only for vigorous cultivars.
4. A promising cultivar-rootstock combination is 'Gita' on MTT4. 
